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sxmM mxmsi mmivom STmvmriax system 

This Invention relates generally to apparatus for neural and 
wmcU stimulation such as fat facilitating hearing in the deaf , 
and store particularly the invaat&s*. relates to a method and means 
5 for stimulating by means of electrical signals. 

The ass of subcutaneous ly implanted hearing devices is known. 
If, s' 4 Batent So. 3 ,20$ ,081 ciscloses a device which is 
implanted in the mastoid: bone. The receiver mafca® direct con- 
tact with the .boftfe tnrougn «MOh sound waves my be conducted 
10 to the inner ear. 

Mora recently, implanted prosthetic devices for stimulating the 
auditory nerve hy means of electrical pulses have been dis- 
closed, U, S. Patent 'So, 3,44.9/763 discloses the «se of coded 
pulse trains to create an electrical gradient field to facili- 
15 tate visual or aadio stimulations, Vi S. Patent Bo. .3,752,929 
discloses the use of an electrode including a pair of elongated 
conductors for implanting in the cochlea, •• 

Schindler at al, "Kultieiectrade Int; racochlear Implants" Arch 
Otolaryngol, Vol. 103, Be camber 1977, discloses the ase of 
29 spatial excitation of the cochlear nerve in cats. Clark and 
• Bellvorth, "A Baltiple-Eleetrede Array for Cochlear Implant", 
J, Laryngol, Otol 90/7, 137S discloses a ribbon array includ- 
ing a plurality of elongated flat electrodes which are posi- 
tioned along the length of the cochlea for stimulating the 
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auditory nerve, Similarly, bundles of thin wires have bees 
employed by the Stanford Auditory prosthesis group by direct. 
, placemen fe into the auditory ji^cve. 

In our u. S. Patent So. 4,284,856 and oar co-pending Application 
5 Serial No. 267,405, tiled May 26,' 1881, a raulti-channel audi- * 
tony st.muxat.ion system is disclosed wherein selected cochlea 
excitation is achieved by using a multi-electrode prosthetics 
device which is inserted in the scale iympani of the cochlea. 
Different tones can be perceived by the patient through selee- 
10 five excitation of the cochlea with the multi-electrode 
prosthetic device. 

However., the .sscess^rv implant etion of ~ w.;X i: l-elecrroda pros- 
thesis entails some risk and inevitably destroys residual hair 
cells which are the basic sensory units in the Inner ear.- 
15 Accordingly, the procedure is not recommended for deaf children. 
Moreover, whore ossification of the inner ear has occurred, the 
prosthetic' device cannot be inserted into the cochlea. 




t pain in the patients and the stimulation of the 
electrode is limited to frequencies below 500 harts and only 
limited speech pattern consonants vera involved. Moreover, 
the tests havo fees® for Xixsited periods of time with the 
ele< 

An object of the present invention is en improved auditory 
stimulation jsyste;;; for <. r c hearing enhancement. 

Another object of the invention is an auditory stimulation 
system which can be more easily inserted in a patient. 

Still another object of the invention is a method of cochlea 
stimulation without the requirement for physical placement of 
an electrode in the cochlea. 
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Briefly, in accordance with the invention an auditory stimula- 
tion system dossprises a single channel signal transmitter which 
can .be carried on a person and,# single channel receiver which 
is sufocutaneously i^lanted in k patient. The receiver includes 
a plurality of electrodes which are positioned in close proxi~ 
mity to the base of the .cochlea. 

In a preferred embodiment a pair of electrodes are employed with 
the active electrode being generally disc shaped with a disaster 
of approximately 1.5 to 2 millimeters. A ground electrode is .; 
equal to or greater in »is» than the active electrode and Is ~ 
positioned on the order of .2 to 10 millimeters from the active 
electrode.' Accordingly, a small electric field can he generated 
which is effective in stimulating the cochlea nerve without 
also stimulating other nerve fibers. Wires intareonnseting 
the electrodes are covered by a suitable insulation to prevent , 
excitation of cutaneous nerve fibers. Preferably , the active 
electrode is pieced in the rouhd window at the base of the 
cochlea or on the promontory bone. 

In operation the electrodes may be energized by electrical sig- 
nals in a frequency baM of sufficient width to impart complete 
speech patterns and without the patient ejsperioncing pain or 
other discomforts at the higher frequencies. The frequency band 
signal is continuous ever the frequency band and is not limited 
to frequency c-r- - 

The invention and objects and features thereof will be more 
-readily apparent from the following detailed description and 
appended claims when taken with the drawings, in which s 

Figure I is a cross sectional view showing the physiological 
aspects of the human ear and the disposition of the stimulation 



ntion. 



flour 



_ illustrates the physical 'configuration of the signal 

processor, the transmitter, and the implantable receiver nodules 

Figure 3 is a ©lock diagram of a stimulation apparatus in 
accordance with the present invention. 
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Figure 4 is- an electrical schematic diagram of a transmitter 
and receiver network of the block: background of Figure 2, 

Figure S is en electrical schematic of an alternative configura- 
tion of a transmitter and .receiver combination, 

S Referring first to "Figure 1, there is shown a cross-sectional 
view illustrating the «xt«£aal and internal structures of the 
ear. The present invention, comprises an external transmitter 
which is arranged to provide an 3^ modulated carrier signal 
to a transmitter coil 10, tfcs coil being disposed upon a 

10 -molded plastic earhook member 12 which is adapted to he clipped 
to the auricle 14, && will be sore fully explained hereinhalow, 
the transmitter itself my conveniently be packaged in a con- 
tainer which may be worn by or carried by the patient, with 
flexible lends coupling the output of the transmitter module to 

15 the coil 10 on the earhook. alternatively , using *eil-known 
micro-miniaturisation techniques, the transmitter electronics 
fctay be so packaged so as to also f it on the earhook 12 with 
the result that only very short leads are required to couple 
the transmitter output to the transmitting coil 10* In this 

20 regard, in Figure 1, the transmitter module 16 is .illustrated 
as being affixed to the earhook member 12. 

Surgically implanted between the temporal muscle 18 and the 
skull bone 20 is an implanted receiver module 22. The earhook 
12 and its coil 10 are designed such that when the earhook is 

25 disposed on rite auricle 14 the coil 10 of the transmitter is 

generally aligned axially and laterally with the receiving coil 
of the implant 22. Coupled between the output of the receiver 
module 22 and ine tisane to be stimulated , is an insulated lead 
24, having a stimulating tip electrode 26 at its distal end- 

30 as well as a ground or indifferent electrode 28. fhe lead 24 ? 
is preferably rented between the tissue defining tie external 
acoustic meatus and the skull bone so as to avoid the necessity 
of penetrating the tympanic ,x <- o Here particularly , the 
surgical installation of the implant begins with an arch-shaped 
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retro-auricular incision. After lifting the periosteum, a delve 
is stilled into the tensporal bane, and -the receives module, which 
is generally disc shaped, is positioned inside the delve and 
secured to the bone with fibrihogenous glue and sutures. The 
S lead wires 24 connecting the receiver module to the electrode 

surfaces are also positioned within a milled hone-canal up to ; 
the external ear canal, Heist, the tyrspanie wembraa© is pat 
forward and a groove is milled into the back wall of the ear 
canal to protect the electrode. The sufoicrulem is milled down and 

XO it thus becomes possible to approach the round window ss^rane 
or the promontory. Following the positioning and attachment 
of the electrode surfaces to the particular location to be stimu- 
lated, the tympanic membrane is repositioned and the auditory 
canal is camponateel. The lead 34 thus enters the cavity of the 

13 middle ear and the active electrode 26 Is suitably affixed to 

near the base of the cochlea such as to either the promontory hone 
.30 or to the round window membrane 32, 

. As can best be seen in Figure 2, the active electrode 26 may 
comprise & small bead or disc .formed on the end of the insulated 

20 wire lead 24 and may have a diameter of, for example, 1.5 to 
2.0 millimeters* The ground or indifferent electrode 23 is 
arranged to be positioned within the middle ear, approximately 
2-10 mm from the active electrode 26 ana is preferably approxi- 
matsly two to three tistes larger in area than the active ©lee- 

25 trooe 26. .In this fashion., the current density at the site of 
the active electrode is several tires greater than at the site 
of the indifferent electrode, ensuring that the stimulation is 
focused at the point of contact of the active electrode 26* 

ifith reference to Figure 2, the apparatus of the p <" ~\ i rr- 
3 0 tion is shown to comprise an external unit indicated generally 
by numeral 34 and an Jjaplantssbls unit indicated generally by 
numeral 36- The external unit comprises a .housing 38 which Bay 
be located in a wearer's pocket and which is arranged to contain 
a microphone element (not shown} disposed in the area of the 
3S housing 38 in which perforations 40 are formed. In this fashion., 
sound wax reach, t t, sne Iso ecu v ~ T t s 
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housing 38 is a battery supply and the transiaitter aM 
signal processing electronics yet to be described. As LED 
■ 42 may be provided to indicate battery status, Further , a 
thumbwheel switch/control M can be used to tarn the external 
S unit on and oft and/ if desired, to very parameters swcb as 
the ^ain of 'the asaplixiers used in the signal processing 
electronics, The output voltage of the speech processor 
unit can also be varied. Disposed on the top end of the 
housing 38 is a jack 46 adapted to receive a standard plug : 
10 48 such that the output from the transmitter may be coupled 
via conductors SO to the transmitting coil 10 formed on the 
ear hook member 12. 

The implant 36 comprises a round wafer-like portion in which 
the receiving coil 22 is disposed. Within the central 

IS opening of the annular coil 22 are the electrical components 
comprising the receiver electronics. The coil and electrical 
components are imbedded in a suitable body- compatible plastic 
such as Silastic, Teflon or the like* and the receiver is 
encased in a herpetic fluid-tight enclosure. The receiver's 

.20 output is developed across the active electrode tip 26 and 
the ground or indifferent electrode 28, The electrical 
conductors leading from the wafer portion of the implant to 
the electrode surf aces are smcasea in an insulating Mo- 
Compatible sheath. 

25 Preferably, the conductor portion of the lead terminating at 
the active electrode 26 is fabricated of a material exhibit- 
ing a spring action whereby during implantation, the lead 
may be bowed or flexed so that the ball or disc electrode 
surface 26 may be positively urged against the body struc- 

30 ~o r fc.or c™ the round 

window membrane. Alternatively , where promontory stimula- 
tion is involved, a small recuse xaay be drilled into the 
promontory bone to receive the active electrode and a suit- 
able adhesive- may be used to hold the electrode in position* 
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Consider now the electrical construction of the invention with - 
' reference to the embodiments of Figures 3-5- Figure 3 is a 
i the system. Hxeropi 

i o «hioh is " i N or 

5 electronics shown as b< ing e closed o . 54, 

Induce j :r i * - -I r a g.\in controlled - 

amplifier 56 which receives as its input the electrical output 
frois the microphone 52 end the output from the grain control . 
amplifier 56 is applied through a bend-pass filter 58 to a so— 
10 called iscioufiress frequency adjustment circuit 60, The speech 
■processor electronics 54 further includes a dynamic range com- 
pression circuit 62 which stay either precede or follow the 
iscdoadness frequency adj uscmsnfc circuit SO. 

The construction and operation of the speech processor electronics 
15 M is fully set forth and described in our co-pending applica- 
tion Serial 80. 267,405, filed May 26, XSSI* 

The output from the Speech processor 54 is arranged to modulate 
the output Ixm an&F oscillator in the Mi transmitter module 64. 
The osculated output from the transmitter is applied across a 
20 transmitting coil 66 and a capacitor S8, these last mentioned 

two component- being designed tab cooperate as a tuned circuit 70. 

The implant unit 36 is shown to the right of the skin interface 
72 and includes the receiver coil 22 and parallel capacitor 74 
- Which form a tuned receiver circuit 76, The output from the 
25 tuned receiver circuit is coupled as an input to a diode 

demodulator network 7B shied functions in a. conventional fashion 
to r amove the mo? ? xer. The 

output from the trade cared .-labor is applied via the leads 24 to 



30 Figure 4 is an electrical schematic of the AM trans - - y 
§4. In tJ i inhone pice— op 52 i > 

processor module 54 connected to it are connected through a 
resistor SO o s lest ex < a 2 of the secondary winding 84 
j j j < s r ill u ej a.l 



primary sending So of the transformer is ooepiad acxos's the 
output, of an B.F oscillator 20. The terminal 82 has an HF 
decoupling capacitor 92 connected between it and grooad. 
She other terminal of the sesondary winding 84 is connected 
directly to the base electrodes .of an KPS transistor 94. . 
The emitte* cntset s£ the txkn is tor Is oonnaefc&a to ground 
and the collector contact is tied to a center tap terminal 
95 of a transmitting coil 6$. capacitor 68 is connected 
directly in parallel with the entire transmitting soil S6 
and the requisite DC bias voltage for the transistor 94 is 
applied at terminal 100. A further HF decoupling capacitor 
102 is connected between ground and the common junction of 
the coil ID and the capacitor 68. 

The implanted receiver module 36 comprises. a receiving coil 
22 and a. tuning capacitor 74 connected in parallel. The 
dsssodtiistor portion of tins receiver comprises a semiconductor 
diods -1S4 having an anode connected to a center- tap terminal 
106 on the receiving coil 22 and a cathode electrode connected 
to a junction point 103. £ resistor 110 and a capacitor 112 
are connected in parallel between the junction point 10 8 and 
the terminal 114 of the coil .22. A blocking capacitor 116 
is disposed in series between the junction point 108 and the 
active electrode. The ground or indifferent electrode is 
tied directly to the terminal 115. 

In operation, the modulation signal which is a speech derived, 
time varying wave, originates at the output of the speech 
processor 54 and is applied to the transistor modulator via 
resistor SO as "is the BF carrier from the oscillator SQ via 
the transformer coupled to the base of the transistor 94. 
The capacitor 92 as well as the capacitor 10'i serve to 
decouple the SF signal from the DC supply, The collector of 
the modulation transistor 94 is connected to the tap of the 
tuned transmitter circuit which' includes the coil 10 and the 
capacitor 68, The transmitter coil 10 inductively couples 
the modulated carrier signal to the implanted receiver coil 22 
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which, together with the capacitor 74, also comprises a tnned 
receiver circuit. The received signal is demodulated by the 
semiconductor diode 104 witfe capacitor 112 providing SF 
decoupling and resistor 110 providing the requisite DC path to 
S ground. The capacitor 1X6 serves to block any DC current faros* 
reaching the alctrodes* 

Import sntly, by placing the electrodes near the base of the 
cochlea such as on -the roxmd window membrane or on the 
promontory t a concentrated electrical field is established which 
10 responds to the amplitad© and frequency of the transmitted 
" speech signal which a patient can perceive and understand 
speech. 

It will be noted that the modulation signal from the speech 
processor 54 in Figure 4 is applied to the base of the. ontpnt 

IS transistor H by way of the transformer's secondary winding 84, 
Sy introducing the modulation signal on the base electrode* •'; 
output transistor saturation is avoided* "Sphere collector 
modulation is employed, however, this undesirable saturation 
coalo result. It is feasible, however,, to introduce the 

20 modulation signal at the emitter electrode * 

An alternative arrangement of an exter:-.-: u speech processor and 

i eceivs r co si ^. 

is illustrated is Figure 5. Here? a single speech processor 
network 54 and a single set of stimulating electrodes are 

25 interfaced with a deal transmission channel for performing 

transcutaneous stimulation. The microphone pick-np 52 provides 
Its cutput to the speech processor 54 which-,- again, iaay be 
configured as set forth in the aforsrefsreneod application 
Serial ho. 267,405. - The modulation signal trots the speech 

30 processor network 54 is applied to a phase splitter indicated 
generally by numeral 118 and fro-a there to AM transmitters 
120 and 122. The phase splitter is shown as including h ! l?K 
transistor 124 having its collector electrode connected 
through- a resistor 126. to a source of potential V„ and the 

3'i emitter electrode connected through a resistor 12 3 to ground. 
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The signs. I derived front the collector electrode of the 
transistor 124 is applied to the transmitter 120 while the 
signal appearing at the emitter electrode of transistor 124 
is applied to the transmitter 122. 

5 Sxanssdfcter 128 delivers its output to a tuned circuit 131 
comprised of the transmitter coil 133 and parallel capacitor 
135 while transmitter 122 provides its output to a similar 
tuned circuit 130 comprised of a transmitter coil 132 and a 
tuning capacitor 134* Implanted beneath the temporal mscle 
10 posterior to the patie»t*s auricle is a receiver jsodsle 

Including tuned circuits 136 and 138 which are inductively 
coupled to the transmitting tuned circuits 131 end X30> 
respectively. The timed circuit 138 includes a receiving 
ceil 140 and an associated tuning capacitor 142 while the 
~:1S tnnad circuit 138 includes a receiving coil 144 and Its 

associated tuning capacitor X4S. The receiving coil 140 has 
an intermediate terminal and connected to that terminal is 
the anode electrode of a semiconductor diode MS, The 
cathode electrode of that diode is tied to a junction ISO* 

2 0 An oppositely poled, diode 152 is tied between the junction 

150 ana an intermediate terminal on the receiver coil 144. 
She lowermost terminals of the receiving colls 140 and 144 
are tied together at a junction point 151. Connected 
between the junction points ISO and 151 is a parallel 
25 combination of an su? bypass capacitor 153 a»<3 a load 

resistor 154, The junction 150 is also coupled through a 
DC blocking capacitor 155 to the active electrode while the 
^tmetion 151 is- connected to the ground or Indifferent 
electrode, 

30 The arrangement shown In Figure 5 Is used to stimulate only 
one particular site (the promontory or round window membrane) 
using the two electrodes of a single channel. However, it use 
two transmission channels? arranged to operate in a push-pull 

3 5 configuration. The advantage of using this push-pull arrange- 

ment is that the resistor 154 may be made very large (or even 
- deleted} such that substantially all of the power transmitted 
to the Implant reaches the electrode, neglecting of course the 
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diode losses. It. is thus possible to reduce input power by 
. about a factor of four as compared to the single transmission 
channel device of Figure 4.' 

The embodiment shown in Pigare S laay be thought of as 
apprising two transc'ssicm channels, each being essentially ; 
equivalent to the single transadssion channel of Figure 4, 
cooperatively driving a single receiver channel. With resistor 
154 having 'a large value as compared to the electrode impedance, 
it will absorb any differential cc current resulting from any' 
asyaaaatry in the transmission characteristics of the two trans - 
mission channels. It offers the further advantage in that it 
may. function in the same fashion as the resistor 110 in 
Figure 4 should only one transmission channel be operative. 
ttaa, this configuration increases reliability fey offering an 
additional transmission channel in case one transmission 
channel is lost, albeit at a lower efficiency. 

Those skilled in the art will recognise that instead of 
constructing the band-pass filter using two tuned parallel 
resonant circuits as in the embodiment of Figures 4 and 5, 
it is also possible to implement the band-pass filter with 
one series tuned circuit end one parallel tuned circuit, in 
such a case, the input of the band-pass filter should not he 
current driven, but rather voltage driven, in order to obtain 
a relative maximum of the induced voltage at the point of 
critical coupling.. In bhe arrangement where the series tuned 
circuit forms a part of the transmitter, the output trans- 
istor preferably works in the saturated condition and may be 
moaulatea by collector modulation, where "the series tuned 
circuit forms' a part of the receiver electronics, however, 
the parallel tuned circuit of the transmitter should be driven 
by a .non-saturated RF amplified- 

The invention has proved successful in improving a patient's • 
perception capabilities and in providing understanding of 
speech. Since the installation of the electrodes does not 
require penetration into the cochlea, the risks involved are 
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reduced and damages to the hair cells of the cochlea is obviated 
Sufficiently large dynamics ranges have been found up to 
approximately 1QK Sa. The tipper Xissi-fc of stimulation strength 
Is caused by too lotid of a sensation and not fey pain, A wide 
frequency range (e.g. 50-3500 Ess) for a full speech pattern 
can be accomodated without inducing pain or other deleterious 
effects in the patient. 

While the invention has been described with reference to 
specific esibodiments, the description is illustrative and not 
to be construed as limiting the invention. Various modificatio 
m& applications may occur to those skilled in the art without 
departing from the true spirit and scope % of the invention. 
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C£A1MS 

!♦ & ssefchod .of chronic auditory stimulation of the cochlea 
for imparting speech patterns comprising the steps of placing 
an active electrode and a ground electrode outside of and 
5 near the base of a cochlea of a patient, and energising said . 
active electrode with an electrical signal having a frequency 
bass which is sufficient to define a speech pattern. 

2. The method as defined by claim 1 wherein said active 
electrode is placed in close proximity to the round wiate at 

10 the bass of the cochlea. . , 

3. The method as defined by claim 1 wherein said active 
electrode is placed on the promontory bone. 

4. h method of chronic auditory stimulation of the cochlea 
for imparting speech patterns comprising the steps of 

15 generating a first signal having predetermined amplitude and 
frequency dependent components corresponding to speech 
patterns, ■ 

transmitting said first signal 'to a s nbeutansousiy implanted 
receiver/ and 

20 applying said first; signal to a pair of closely spaced 
electrodes positioned outside of the cochlea whereby an 
electrical field is established for stimulating the cochlea 
in response to said speech patterns. 

5. The method as defined by claim 4 wherein said step of 
IS transmitting comprises modulating a carrier signal by said 

first signal and coupling the raodalated carrier signal to 
said receiver* 

S. The method as defined by claim 4 wherein said pair of 
electrodes includes an active electrode which is positioned 
30 near the round window at the base of the cochlea- 
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7, Th& method as defiaaed by claim 4 wfearein said pair of 
electrodes includes an active electrode which Is positioned 
on the promos tory bone* 

"8. & system for chronic aadxtory stimulation comprising 

S transmission means for generating and transmitting a frequency 
band signal having predetermined amplitude and frequency 



a plurality of electrodes for dose positioning outside of 
10 the cochlea, and 



interconnection means connecting said receiver means and said 
plurality of electrodes whereby said electrodes respond to 
said frequency band signal and establish an electrical field 
for stimulating the cochlea in response to speech signals, 



15 9. A system as defined by claim 8 wherein said plurality of 



10. & system as defined by claim 3 wherein said sett 
electrode Is placed in close proximity to the round 
at this base of the cochlea,. 



20 II, The system as defined by claim 9 wherein said active 



12< a system as defined by claim 9 wherein said ground 



13, \ , by claim 8 v> grain 

25 means con-prises a single channel amplitude 
transmtter. 



14. A system as defined by claim 13 wherein said receiver 



i am 

v?..,.r 



WO 83/00999 



I ri £PS2 00204 



-15- 

comprises a passive single channel amplitude modulation 



15. & system as defined by claim I 
* j»eans further includes .pickup iseans for receiving 

including substantially tfce entire range of speecH. frequen- 
cies and producing' electrical signals corresponding to said 
sound waves , speech pre ~e oapiec to s« xa pi rvup 

means for receiving said electrical signals and converting 
said electrical sigoals to a modulation signal having 
■ and amplitude dependent charae 
coupled to receive said modalation 
»ig»al' : for producing a radio frequency carrier signal which 1; 
modulated in accordance with said modulation signal, and. . 
means far inactively coupling the output zxoxn said trans- 
asitter »eans to said receiver means, 

16. The system as- defined by claim IS therein said receiver 
means is arranrrea for subcutaneous implantation at a 

. location within the patient and includes 

. for recovering said modulation signal from 
20 said modulated carrier signal. 

17. The system as defined by claim 8 or IS wherein said 
interconnection means comprises tissue compatible insulation 
covered wires, 

' 18 x Sfee system as defined by claim 17 wherein said wires 
25 exhibit a springlike property whereby one of said electrodes 
is urged into position at the base of the cochlea. 

19, The system as defined by claim 8 wherein said frequency 
band signal includes the frequency range of 50 Bs to 3.5 fcBs. 
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